The aim of this paper was the identification of the bioactive compounds in the green tea extract enriched with quercetin. The extraction was performed under reflux for 60 min using absolute ethanol at the solid-to-liquid ratio of 1:18 (m/v). The mass spectrometry method with an electrospray interface was applied and tuned with the quercetin standard. Mass spectra were recorded in negative and positive ionization modes with the ion source voltage of 4.95 kV, the source current of 2.61 μA, the capillary temperature of 275 °C, the capillary voltage of 50 V, the sheath gas pressure of 137 KPa and auxiliary gas pressure of 13.9 KPa. In addition to quercetin, the presence of gallic acid, (-)-gallocatechin, 3-O-caffeoylquinic acid, theobromine, 5-O-galloylquinic acid, (+)-catechin, caffeine, epicatechin-3-gallate, (-)-epigallocatechin-3-gallate, 4-p-coumaroylquinic acid, quercetin-3-O-rutinoside, quercetin-3-galactoside, kampferol-3-O-glucoside, apigenin glycoside, theaflavin-3,3'-digallate, thaflavin-3-gallate and the kaempferol-rhamnose-hexose-rhamnose conjugate was confirmed based on fragmentation patterns available in literature.
Introduction
It is well known that free radicals have a negative impact on a human organism through the membrane destabilization, DNA damage and the cell tissue [1] , oxidation of low-density lipoproteins (LDL). The results of their effect are the occurrence of degenerative diseases and different forms of cancer. Strong antioxidants such as vitamin E, vitamin C and β-carotene in the standard form are recommended for the prevention. Recently, it was confirmed that some herbal polyphenols belong in the group of strong antioxidants. Tea (Camelliae sinensis) has a high content of polyphenol compounds [2, 3] . There are two kinds of tea, green tea and black tea. The composition of tea depends on climate conditions, soil, season, tea variety and the age of the leaf. Tea contains caffeine with small amounts of other xanthine alkaloids, large amounts of tannins or phenolic substances (5-27 %) consisting of catechins (epicatechin, epigallocatechin, epicatechin gallate, epigallocatechin gallate), proanthocyanidins, flavonols (myricetin, caempherol, quercetin) and gallic acid units. Epigallocatechin gallate is a predominant catechin. Its content varies in the range of 48-55 % of total polyphenols in green tea leaves. Graham has reported the composition of fresh green tea leaf (Table 1) , as well as the composition of catechins in the fresh green tea leaf (Table 2 ) measured in percentage [4] . Table 1 . The composition of the fresh green tea leaf Table 2 . The composition of catechins in the fresh green tea leaf
In literature, different methods have described the determination of bioactive compounds in a tea extract. A high performance liquid chromatographic method (HPLC) with UV detection is commonly used for the analysis of tea catechins, caffeine, quercetin and gallic acid [5] [6] [7] , while Pelillo et al. analyzed tea catechins by using HPLC with UV and MS-electrospray detection [8, 9] . HPLC/MS can be successfully used in the characteriza-tion of flavan-3-ols, flavonoids, quinic esters of caffeine, thearubigins and alkaloids in different kinds of tea [10] [11] [12] .
The pharmacological activity of polyphenols is important in the inhibition of enzymes (xanthine-oxidase and protein kinase C) responsible for forming superoxide anion radicals, but in the inhibition of cyclooxygenase, lipooxygenase, microsomal monooxigenase and glutathione S-transferase, mitochondrial succinate oxidase, NADH oxidase thus preventing the formation of reactive oxygen species and the development of tumor cells [13] . By blocking the enzyme urokinase, the green tea affects both levels of carcinogenesis, i.e. in the initiation phase and the promotion phase. The consumption of green tea reduces the risk of development of several cancers including colon, breast, ovarian, prostate and lung cancer [14] [15] [16] [17] [18] [19] [20] .
Also, the polyphenols of green tea reduce the level of lipids, triglycerides and cholesterol in the blood, thereby reducing the risk of circulatory system diseases and atherosclerosis [21] . Tea contains around 5-7 % minerals, mainly potassium, copper, iron and manganese which have an important role in the human body. Tea also acts as a diuretic, helps against the cellulite formation because it limits the absorption of fat and stimulates microcirculation. The green tea extract is used for the skin care, oral cavity, growths on the skin, anti-dandruff in the hair, burns and for the treatment of acne.
One of the most active hydro-soluble flavonoids of green tea is quercetin (2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-1-benzopyran-4-on) [22] . Quercetin has the properties of antihistaminic drugs [23] [24] [25] and it alleviates the allergic reactions and asthma attacks. Like most bioflavonoids, quercetin has the impact on the vasodilation of the blood vessels whereby it normalizes the blood pressure [26] . Based on its strong antioxidant [27] and anti-inflammatory [28, 29] activities, it succeeds in protecting the cell structure and the blood vessels from destructive effects of free radicals. In addition to all these activities, it has a strong anticancer activity [29] on different leukemia, breast, ovarian, gastric, liver, respiratory tract and colon tumor cells.
Quercetin can be used for destroying the tumor cells of the skin and prostate in combination with ultrasound without obvious normal cells damage [30] . Also, the treatment of chronic prostatitis and intestinal cystitis can be improved by using quercetin because it is inhibitor of mastocytes. In the market, quercetin is available in the form of tablets and capsules and commonly used in the combination with vitamin C and bromelain, which provide a better effect.
Because of these beneficial effects of quercetin on the human organism, the aim of the study was to obtain the green tea extract enriched with quercetin. In order to use the plant extract for preparing pharmaceutical formulations, it is necessary to investigate the pharmacological activities and it is also important to know the content of the obtained extracts. Thus, the aim of this paper was also to tune the suitable MS-ESI method for the qualitative analysis of the extract.
Experimental
Reagents Quercetin (Merck Chemicals Ltd., Notingem, United Kingdom), methanol LC-MS purity (Avantor Performance Materials, Inc., Deventer, Netherlands), formic acid (≥99 %) (Carlo Erba Reagents, Val de Reuil, France) and absolute ethanol (Alkaloid AD, Skopje, the Republic of Macedonia).
Plant material Green tea (Camelliae sinensis) was purchased from Aleva AD (Novi Kneževac, Serbia). The plant material was dried at room temperature to the moisture content of 6 % in the darkness. After the mechanical disintegration into the laboratory mill, the average particle size of the plant material was 0.4 mm.
Extraction procedure About 2.0 g of the plant material was transferred into the flask of 100 cm 3 and covered with 36 cm 3 of absolute ethanol. The extraction was carried out under reflux for 60 min at the boiling point of the extragent (78 °C). The constant temperature of the system was maintained using the water bath. After the extraction process, the solid phase was separated from the liquid phase by vacuum filtration. Then, the extragent was evaporated in the rotary evaporator at 50 °C. After that, the residual solvent was removed by drying the extract in the desiccator to the constant mass. Thus dried extract was further analyzed using the electron spray-mass spectrometry method (ESI-MS) in order to identify the bioactive compounds.
HPLC analysis of quercetin
The content of quercetin in the green tea extract was obtained by using the developed and validated RP-HPLC method [5] . The elution was isocratic with the flow rate of 1.0 cm 3 /min. The temperature of the system was maintained at 35 °C. The adequate separation was achieved by using methanol as a suitable mobile phase and ZORBAX Eclipse XDB-C18 column (4.6×250 mm, 5 μm), Agilent Technologies, the USA. Before injecting into the system, the sample and methanol were filtered through a 0.45 μm millipore filter (Econofilters, Agilent Technologies, Germany). The volume of the injected sample was 20 μL, and the wavelength for quercetin detection was 370 nm.
ESI-MS analysis
The scanning was carried out on MS spectrometer with ion trap (Thermo Scientific LTQ XL Linear Ion Trap Mass Spectrometer). By means of this device it was possible to identify the compounds of the green tea extract without their previous HPLC separation based on the literature data about the presence of components [12] . After the ionization, the molecular ions of desired compounds isolated in the analyzer were treated with the adequate portion of the collision energy in order to obtain their MS 2 spectra. Mass spectra were recorded in negative and positive ionization modes depending on the nature of the analyzed substance. The applied conditions for the analysis were: the ion source voltage of 4.95 kV, the source current of 2.61 μA, the capillary temperature of 275 °C, the capillary voltage of 50 V, the sheath gas pressure of 137 KPa and the auxiliary gas pressure of 13.9 KPa. ESI-MS method for the analysis of the green tea extract was tuned using the quercetin standard. Xcalibur software was used for the collection and the analysis of the data. The samples were ionized by using the electrospray (ESI) technique.
Preparation of the sample for MS analysis The stock solution of quercetin standard and the green tea extract were prepared by dissolving per 25 mg of the samples in 25 cm 3 of methanol. After that, the stock solutions were diluted to the concentration of 3 μg/cm 3 with the addition of acid in order to improve the ionization of the analyzed bioactive compounds. Thus obtained solutions were filtered through the filter of 0.45 μm pore size (Econofilters, Agilent Technologies, Germany) and injected into the MS spectrometer.
Results and discussion
The investigated extract was obtained using absolute ethanol due to better solubility of quercetin in alcoholic solutions [31] . The quercetin content of 1.55 g per 100 g of the dried extract was determined by using RP-HPLC. The ESI-MS method was used for the determination of bioactive compounds in this extract. The electrospray parameter and collision offset were tuned and optimized using quercetin standard in order to favor the generation of the product ion at m/z 301. After optimization, in addition to quercetin, the method was able to confirm the presence of 17 phenol compounds. The presence of these compounds was confirmed based on the comparison of m/z values from the MS 2 spectra with the literature values for the standards [32] . A positive ionization mode was used for the identification of theobromine and caffeine, while the other compounds were determined in a negative ionization mode. The mass spectrum of quercetin was obtained after the effect of the collision energy of 15 eV and recording in a negative mode (Figure 1a) . The peak at m/z 301 is the result of the molecular ion fragmentation. In accordance with literature, the ions at 273, 257, 179, 151 appeared after further fragmentation [33] . The mass spectrum of (+)-catechin is presented in Figure 1b [34] . The mass spectrum of 5-O-galloylquinic acid was recorded in a negative ionization mode (Figure 1c) . The basic deprotonated ion of 5-O-galloylquinic acid occurred at m/z 343, while the fragmented ions can be noticed at m/z 191 and 169. The obtained ions were formed after the effect of the collision energy of 25 eV. The precursor ion which gives a signal in the spectra at m/z 195 and the fragment ions at m/z 138 and 110 are the result of the fragmentation of caffeine (Figure 2a) . The fragmented ion at m/z 138 probably occurs due to the loss of CH3-N=C=O, where further loss of CO gives the signal at m/z 110 in the mass spectrum [35] . These ions were obtained by using the collision energy of 24 eV and by recording in a positive ionization mode. Mass spectrum of theobromine was also obtained by record- Gallic acid was successfully identified by scanning in a negative mode. In the mass spectrum, the characteristic signal at m/z 169 originates from [М-H]¯ ion ( Figure  3a) . The signal at m/z 125 is probably the descendant ion which occurred after the loss of CO2. In this case, the collision energy was 19 eV, while the mass spectrum of (-)-gallocatechin was recorded in a negative mode using the collision energy of 20 eV (Figure 3b) . The basic fragmented ion at m/z 305 gives the deprotonated ions at m/z 261, 221, 219, 179 and 165 due to the loss of CO2, C4H4O2, C6H6O3, C7H6O3 and C7H8O3, respectively [36] .
The loss of C4H4O2 and C4H6O2 is the result of cleaving the A ring of flavan-3-ol. The Retro Diels-Alder rearrangement leads to the loss of C7H6O3 and C7H8O3, while the rearrangement of the heterocyclic ring leads to the loss of C6H6O3 [37] . 3-О-Caffeoylquinic acid has the molecular ion at m/z 353, which gives the fragmented ions at m/z 191, 179, 173 and 135 in the mass spectrum after the effect of 30 eV collision energy (Figure 3c ). In the spectrum, the signal at m/z 191 corresponds to quinic acid [38] , while the ion at m/z 179 originates from the ion of caffeic acid [39, 40] . The mass spectrum of (-)-epigallocatechin-3-gallate is presented in Figure 4a . The peak at m/z 457 corresponds to the parent ion [M-H]¯. МS 2 fragmented ions with the adequate signals at m/z 331, i.e. m/z 305 originate from epigallocatechin, while the signal at m/z 169 originates from gallic acid [41] . 4-p-Coumaroylquinic acid gives the peak at m/z 337 after deprotonation (Figure 4b) . The descendant ion at m/z 191 originates from the deprotonated quinic acid, which was formed due to the loss of caffeic acid. The signal at m/z 173 appeared by further losing the water [42] . In addition to the deprotonated ion at m/z 441, the mass spectrum of (-)-epicatechin-3-gallate has the fragmented ion at m/z 289 which is the result of the ester bond cleavage and dissociation of gallic acid (Figure 4c ). In the mass spectrum, the peak at m/z 169 is obtained by cleavage of the ester bond and dissociation of (-)-epicatechin units [36] . The mass spectrum of quercetin-3-О-rutinoside scanned in a negative ionization mode is presented in Figure 5a The mass spectrum of kaempferol-3-O-glucoside obtained using the collision energy of 23 eV is presented in Figure 6a . The parent ion gives the signal at m/z 447, and the fragmented ion gives the signal at m/z 285 due to the loss of glucose. Apigenin and luteolin present the important aglycones which are the main part of most glosylflavonoids. Based on the obtained fragmentation in the mass spectrum, it can be concluded that apigenin glycoside is present in the investigated extract (Figure 6b ).
The molecule of apigenin glycoside has the molecular ion at m/z 563 and the fragmented ions at m/z 503, 473, 443 and 353. The ions at m/z 443, 473 and 503 especially indicate the presence of substituted pentose [41] . The mass spectrum of theaflavin-3,3'-digallate was obtained by scanning in a negative ionization mode and using the collision energy of 20 eV (Figure 6c ). Theaflavin-3,3'-digallate gives the deprotonated ion at m/z 867 and the fragmented ions with the characteristic signals at m/z 823, 715, 697, 545 and 527 in the mass spectrum. 
Conclusion
In this paper, the ESI-MS method was successfully tuned for the qualitative analysis of the green tea extract enriched with quercetin. The following bioactive compounds: gallic acid, (-)-gallocatechin, 3-O-caffeoylquinic acid, theobromine, 5-O-galloylquinic acid, (+)-catechin, caffeine, epicatechin-3-gallate, (-)-epigallocatechin-3-gallate, 4-p-coumaroylquinic acid, quercetin-3-O-rutinoside, quercetin-3-galactoside, kampferol-3-O-glucoside, apigenin glycoside, theaflavin-3,3'-digallate, thaflavin-3-gallate and the kaempferol-rhamnose-hexose-rhamnose conjugates were identified in the plant extract. Due to the presence of different polyphenolic compounds, the obtained extract can be used for preparing the formulations with the expressed pharmacological activity. Thus, the aim of further investigation will be the implementation of pharmacological tests in order to define the pharmaceutical activities of the green tea extract.
